Objectives: In British Columbia (BC), Canada, neuraminidase inhibitors (NIs) were publicly funded during the 2009 A(H1N1)pdm09 pandemic for treatment of high-risk patients and/or anyone with moderate-to-severe illness. We assessed antiviral effectiveness (AVE) against hospitalization in that context.
Introduction
A novel strain of influenza A(H1N1)pdm09 virus was first detected in Mexico 1 and the USA 2, 3 in April 2009. After its initial detection, the pandemic virus spread to many parts of the world, including Canada. 4 -6 In British Columbia (BC), Canada, the first wave of A(H1N1)pdm09 activity during spring/summer of 2009 was limited, but was followed by a second, more substantial and widespread wave in the autumn that began in early October, peaked during the last week of October and resolved by the end of 2009. 7, 8 Alongside other provinces of Canada, BC provided two pharmaceutical interventions free-of-charge as part of public health population efforts to mitigate overall impact of the pandemic: an AS03-adjuvanted vaccine as prevention and a neuraminidase inhibitor (NI) strategy as treatment. 8 The adjuvanted A(H1N1)pdm09 vaccine used in Canada was ultimately shown to be highly effective (.90%) against medically attended, laboratory-confirmed A(H1N1)pdm09 illness, 9 but was delayed in availability such that initial administration coincided with the pandemic peak. 8, 9 Prior to the pandemic, Canada had stockpiled antivirals, namely the two NIs oseltamivir and zanamivir, for treatment. In anticipation of the second pandemic wave, BC released and distributed NIs from its emergency stockpile for the treatment of people at high risk of influenza illness (regardless of severity) and for previously healthy people experiencing moderate-to-severe influenza-like illness (ILI). The former could also obtain prescriptions in advance to be filled in the event of ILI, minimizing delay from illness onset to the start of treatment. Ultimately, between the weeks of 4 October and 22 November 2009, .120000 NI prescriptions were filled in BC, with peak administration coinciding with other indicators of peak pandemic activity during the last week of October and the first week of November. 8 Although NI stockpiles are a component of pandemic preparedness in most developed countries, the 2009 pandemic was the first pandemic for which widespread NI use was implemented on a population level with a goal of reducing serious disease and the associated healthcare burden. However, studies to assess antiviral effectiveness (AVE) against severe complications of influenzaseasonal or pandemic-remain largely lacking. Here, we assess AVE against hospitalization among patients clinically diagnosed with influenza during the autumn 2009 wave of A(H1N1)pdm09 in BC, Canada.
Methods

Study design and population
We conducted a retrospective cohort study using linked, administrative healthcare data extracted from the Medical Services Plan (MSP) billing information, the Hospital Separations and the PharmaNet prescription databases, provided by the BC Ministry of Health. Each eligible resident of BC is assigned a unique patient identifier, the personal health number, which is captured in all the databases and was used to link patients' records across the various data files. The final anonymized dataset was sent to the BC Centre for Disease Control in Vancouver, BC, for analysis. This study received approval from the University of British Columbia Research Ethics Board.
The cohort(s) included all BC residents since 1 September 2009 with an outpatient clinical diagnosis of influenza defined by an MSP fee-service billing code specific for A(H1N1)pdm09 or referring to the International Classification of Diseases (ICD) 9th revision for influenza (ICD-9 code 487). The date of clinical influenza diagnosis became the referent for establishing exposure and outcome status. If the patient had more than one MSP diagnosis of influenza since 1 September, only the first was counted and used as the referent for both exposure and outcome classification.
The main study period spanned clinical influenza diagnosis during the dominant second-wave A(H1N1)pdm09 activity (1 October to 31 December 2009), with sensitivity analyses conducted around the more specific peak period (18 October to 7 November) and the broader, but less specific, autumn period (1 September to 31 December) commencing prior to substantial A(H1N1)pdm09 second-wave circulation in BC. Antiviral exposure was defined by the filling of an NI (oseltamivir or zanamivir) prescription on the same referent date (day 0), as obtained from PharmaNet, a population-based prescription drug database that captures all outpatient prescription drugs dispensed in the province, regardless of the payer/insurer. The referent date was chosen in the absence of information on actual illness onset, recognizing that delay to medical visit and prescription would already tend to underestimate AVE. Those filling an NI prescription before or after the referent date were excluded.
The main outcome was all-cause hospitalization within 14 days of the referent date, obtained from the Hospital Separations database that includes records from all acute care inpatient visits and long-term care holding beds, extended care beds, rehabilitation beds and discharge planning units managed by hospitals. In addition to all-cause hospitalization, we explored outcomes of pneumonia or influenza (P&I; ICD-10 codes: J10-18) and acute respiratory diseases (ARD; ICD-10 codes: J00-06 and J20-22), including where these were coded as the primary cause or anywhere on the hospital discharge record.
Statistical analysis
Cox proportional hazards models assessed AVE with 1: 1 propensity score matching and covariate adjustment. Since the assignment of subjects to NI treatment and non-treatment groups was not random during the pandemic, confounding factors may bias treatment effects. Therefore, propensity score matching, estimated by multivariate logistic regression with the smallest Akaike's information criterion, was used to minimize such bias and balance the baseline and clinical characteristics between the two groups. One-to-one matching of NI-exposed to unexposed individuals based on the propensity score was performed by using the 'greedy nearestneighbour' algorithm. 10 Separate propensity score-matched cohorts were constructed for the main study period and sensitivity analyses.
Participant profiles and hospitalization incidences were derived by NI exposure status before and after propensity score matching, further stratified by relevant subgroups. Multivariable Cox regression analyses compared the hazard of hospitalization in NI-exposed subjects with the hazard of hospitalization in unexposed subjects in the propensity score-matched cohorts by the hazard ratio (HR), adjusted for relevant covariates (see below). AVE was derived as (12HR)×100%.
The baseline covariates used in propensity score construction and Cox regression analysis included age (,6 months, 6 -11 months, 1-4 years, 5 -9 years, 10-19 years, 20-49 years, 50 -64 years, 65 -79 years and ≥80 years), gender, health services delivery area, number of physician visits on the referent date (1 and ≥1), number of physician visits (0, 1, 2-4 and ≥5) and hospitalizations (0, 1, 2 -3 and ≥4) within 6 months prior to the referent date, use of immunosuppressives within +30 days of the referent date, cardiorespiratory conditions (myocardial infarction, congestive heart failure, chronic obstructive pulmonary disease, asthma, cystic fibrosis and bronchopulmonary dysplasia), immunosuppressive conditions (connective tissue disease-rheumatic disease, cancer, metastatic carcinoma and HIV), metabolic conditions (diabetes mellitus and other metabolic diseases), neurological conditions (stroke and other conditions) and other conditions (liver disease and renal disease). Covariates were entered into the model via a stepwise multivariate Cox regression model (entry criteria of P≤ 0.1 and staying criteria of P≤ 0.05) and some covariates were recategorized when needed.
Information on comorbid conditions was extracted according to diagnostic codes from the MSP database and Hospital Separations database within 2 years from the reference date (ICD-9/ICD-10 codes applied available upon request). Adjustment for comorbidity was dichotomized as 'yes'/'no' to any of the above chronic conditions, but also explored based on the Charlson index for which a score of 0 indicates no comorbidity.
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Patients considered immunosuppressed on the basis of therapy were defined by PharmaNet record of the following prescriptions: antirheumatic drugs, oral glucocorticoids, antirejection medication and chemotherapeutic agents.
Statistical significance in this study was defined as P≤ 0.05. SAS version 9.2 (SAS, Cary, NC, USA) was used for all statistical analyses. Table S1 (available as Supplementary data at JAC Online) provides a summary of participant profiles before propensity score matching and Table 1 after propensity score matching according to exposure and outcome status for the main analysis period of 1 October to 31 December 2009. Table 2 compares hospitalization events by antiviral exposure for the main and sensitivity analyses before and after propensity score matching.
Results
Participants
There were 227755 people who had a physician visit related to influenza between 1 September and 31 December 2009 (Figure 1 ). Of those, 10 503 (4.6%) were removed due to missing information (n¼ 568) or because they filled an NI prescription after the referent date (n¼ 9935). Of the remaining 217 252 subjects, 27% (n¼ 58 978, only 86 were given zanamivir) met NI exposure criteria. The propensity score-matched cohort for the broadest period (1 September to 31 December 2009) included 58 775 records per exposure group (a total of 203 NI-treated subjects were removed due to extreme propensity scores or no matching from the non-NI-treated pool). For the main analysis period spanning Before propensity score matching, the two cohorts (NI exposed and unexposed) differed significantly on almost all baseline characteristics (11 showed a P value of ,0.0002 and only cardiorespiratory condition had a P value of 0.7). These variables were used to derive propensity scores upon which the treatment groups were individually matched in each analysis period. After 1: 1 propensity score matching, no baseline characteristics, including those considered as possible confounders, showed significant differences between groups. The distribution of all baseline covariates was completely balanced between NI-exposed and unexposed groups by the propensity score matching. Since only 203 subjects (0.03%) from the NI-treated subjects were lost during the matching algorithm, the final matching sample retains the representativeness of the population. Both before and after propensity score matching, data showed similar patterns in NI-exposed and unexposed groups with respect to the distribution of intervals between influenza visit and subsequent hospitalization. More than 50% of hospitalized subjects were admitted by day 3.
Overall and among subjects in both NI-exposed and unexposed groups, the highest hospitalization rates after propensity score matching were in the very young (,6 months old) as well as the old (65 -79 years old) and the very old (≥80 years old) ( Table 1) . Overall rates of hospitalization per 1000 patients in the exposed and unexposed cohorts, within 2 weeks of an outpatient influenza diagnosis, were significantly higher in these age groups than in any other: 35.0 (95% CI 16.7 -73.4), 13.7 (95% CI 10.1-18.6) and 38.7 (95% CI 26.6-56.5), respectively (Table 1) . These ages comprised 0.2%, 2.6% and 0.6% of participants with outpatient influenza diagnosis.
About 6% of subjects with an outpatient physician diagnosis of influenza who were not subsequently hospitalized (i.e. within 14 days) had an underlying comorbidity (Table 1) . Conversely, among hospitalized patients, about one-quarter of the exposed and unexposed groups had an underlying comorbidity and this was mainly due to age groups 20 -49 and 50 -64 years.
AVE
The crude and adjusted baseline HRs and the 95% CIs for all-cause hospitalization associated with the use of antivirals are illustrated in Table 3 . During the main analysis period (Table 4) , spanning 1 October to 31 December 2009, antivirals were associated with a statistically significant reduction of 16.1% in the risk of hospitalization (HR 0.839; 95% CI 0.719-0.980), comparable to the narrower, but more specific, pandemic peak period of 18 October to 7 November 2009 (AVE 15%; 95% CI 24% -30%). For the broader, but less specific, period spanning 1 September to 31 December 2009, AVE was higher (36%; 95% CI 20% -49%), but there was greater variability in this estimate. During the main analysis period, the use of more specific causes of hospitalization (P&I or ARD) also paradoxically resulted in lower AVE estimates.
For the main analysis period, crude AVE among those with comorbidity was significant at 52% (95% CI 29% -68%) as was the fully adjusted model (59%; 95% CI 39% -73%). For those individuals without comorbidity, the crude and the fully adjusted AVE were non-significant at 6% (95% CI 214% -20%) and 6% (95% CI 213% -21%), respectively. 
Discussion
Our large, population-based study found that antiviral use, as measured by receipt of a prescription for oseltamivir or zanamivir after a physician diagnosis of influenza or A(H1N1)pdm09 pandemic, was associated with a 15% -36% decrease in all-cause hospitalization. Our study is unique in that we used a population-based cohort to evaluate the effectiveness of antivirals; few studies have evaluated AVE in an entire cohort 12, 13 and most used case series. 14 -18 Nevertheless, our results are consistent with other findings that show that NIs are useful during pandemics when taken within the recommended 48 h. These results support the use of antiviral medications as a key mitigation strategy.
Although the A(H1N1)pdm09 pandemic virus was more likely to infect the younger population, previous studies have showed that when patients aged ≥65 years were infected with influenza, they were more likely to be admitted into hospital and die from it. 19 Our findings were similar and we saw the highest hospitalization rates in the very young (i.e. ,6 months of age) and in older adults (i.e. ≥65 years of age). About 6% of subjects with an outpatient physician diagnosis of influenza who were not subsequently hospitalized (i.e. within 14 days) had an underlying comorbidity (Table 1) . Marra et al.
Conversely, among hospitalized patients, about one-quarter of the treated and untreated groups had an underlying comorbidity. This high proportion was mainly contributed by adults, particularly those in age groups 20-49 and 50-64 years.
As mentioned previously, a number of studies, mostly case series, have evaluated the benefit of antivirals in reducing the severity of infections (reduction in critical care admission), hospitalizations and mortality during the 2009 pandemic. 12,14 -18,20,21 Of note, the majority of these studies have been conducted in pregnant women. 15 -18,20,21 Like our study, they all demonstrated that NIs decreased the risk of severe disease and hospitalization. Our study databases could not identify pregnant women as a separate category as there was a lack of appropriate ICD-9 or -10 diagnostic codes to identify pregnancy during the pandemic. It would have been interesting to see the effect of the antivirals on this population, given that they are at higher risk of hospitalization and severe disease from influenza. 15, 20, 21 A few of our patients did go to ICU, but the sample size was not large enough to do propensity score matching for the exposed and unexposed groups; thus, the data are not presented.
Early on in the 2009 pandemic, BC developed a targeted programme to encourage antiviral use in people with severe ILI disease and/or underlying chronic conditions. In our study, we saw that these patients were ≥30% more likely to receive antivirals. The provincial stockpile of NIs was also pre-distributed across the province to pharmacies and remote communities, so that people at risk could have access to the medications in a timely way. This study supports the benefits of this targeted approach to those at highest risk and the strategy of antiviral pre-distribution. In mitigating the pandemic impact, the avoidance of between 16% and 36% of hospitalizations attributable to the antiviral strategy was likely a key factor in the ability of the healthcare system to cope with the peak of infections between October and November 2009, before vaccine was available.
There are several limitations to this study. First, the measure of antiviral exposure we used was a prescription for antivirals being dispensed to an individual on day 0 with the assumption that the patients had symptoms for ,48 h prior to their physician visit. During our vaccine effectiveness analysis, 9 the median time from ILI onset to physician visit was 2 -3 days and therefore we may have included patients who had had symptoms for .48 h prior to their physician visit; however, if this was the case, AVE would be higher than we observed. Further, we cannot be certain that the medication was actually taken by the recipient or that it was taken for a complete course. We are assuming that all the A(H1N1)pdm09 pandemic viruses were NI susceptible, but it should be noted that oseltamivir resistance is present in many countries and, as of 26 January 2011, 340 instances of oseltamivir resistance have been reported by the WHO Global Influenza Surveillance Network. 22, 23 Individuals may have received antivirals from sources other than a pharmacy and these would not be recorded in the PharmaNet database. This was a potential primarily in remote communities where antivirals were pre-positioned within the community to be dispensed by the local healthcare worker. In addition, PharmaNet would not have recorded antiviral use for inmates in federal penitentiaries. Additionally, some people would have received a prescription from their physician in advance of the pandemic to be taken should they develop ILI. This was part of a campaign to ensure people at risk had a plan for assessment (often by phone) and treatment should they develop influenza during the pandemic. In either case, failure to capture these individuals would lead to conservative bias and an underassessment of AVE. Oseltamivir may have been administered to the 'healthier' population; a proxy for this could have been past vaccinations. Unfortunately, our merged datasets did not include past vaccinations as we do not have a complete immunization registry for adults. However, we did adjust for the 'healthy' adults by the number of past GP visits as well as the number of past hospitalizations.
Miscoding is always a possibility when using administrative data, especially when related to coding for physician office visits or hospitalization. This could have resulted in an over-or underestimation of AVE. This is particularly true for the varying estimates of AVE seen when we looked at more influenza-specific causes of hospitalizations, such as acute respiratory disease and/or pneumonia. Hospital emergency departments in BC use both physicians who bill for their services and those who are paid a flat fee. As such, if only an outpatient visit was required and the patient was seen by a non-billing physician, we would have not included them in our dataset.
Prior to the pandemic, randomized controlled trials evaluating the efficacy of antivirals for treatment of seasonal influenza A or B had shown them to shorten the course of illness when administered within 48 h of onset of illness, 24 -30 although the benefit was greatest when treatment was initiated with 12 h of the onset of symptoms. 31 The use of antivirals in high-risk patients, defined as those over the age of 65 years or with chronic medical conditions, showed that they reduced the time to alleviation of symptoms by 0.5-1 day. 32 Although these studies showed a modest decrease in symptom duration, not many studies had evaluated antiviral efficacy in preventing hospitalization or mortality. A pooled analysis of 10 randomized controlled trials of oseltamivir used in adults with acute influenza showed that its use was associated with a 50% decline in the hospitalization rate or lower respiratory infections and antibiotic use declined by 26%. 
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Numerous studies have now been published on the A(H1N1)pdm09 pandemic, but most of these looked at risk factors associated with pH1N1. These studies showed that patients at increased risk of hospitalization 6,19,34 -37 and severe disease from pH1N1 were those with underlying medical conditions (especially asthma and chronic obstructive pulmonary disease), 6,14,19,32 -35 children ,2 years of age (especially those with asthma and neurological conditions), 14, 19, 38, 39 obese patients (BMI .35), 40 -42 pregnant women 15, 20, 21 and aboriginal peoples. 6, 39, 43 The adjuvanted A(H1N1)pdm09 vaccine used in Canada was ultimately shown to be highly effective (.90%) against medically attended, laboratory-confirmed A(H1N1)pdm09 illness, 9 but was delayed in availability such that initial administration coincided with the pandemic peak in BC. Further, the vaccine was initially available in only limited amounts, requiring sequenced rollout beginning in the last week of October for persons with comorbidity ,65 years of age, pregnant women and remote community residents, followed by children ,5 years of age, healthcare workers Marra et al.
and other caregivers ,65 years in early November, then older children and first responders and, finally, all other BC residents beginning mid -late November. Uptake of the vaccine was 35% -45% in the province overall and was highest in the elderly (age ≥65 years) in whom vaccine administration had been most delayed. 8 As such, although the use of the NIs may not have slowed down transmission of A(H1N1)pdm09, they were effective in reducing hospitalizations and therefore decreasing the burden on the acute care sector.
Conclusions
Antiviral use in people with influenza who were at risk of severe disease or complications from influenza infection was associated with a reduced risk of hospitalization during the 2009 influenza pandemic. Antiviral strategies should continue to be incorporated into pandemic planning for future influenza pandemics.
